Abstract Since multicast distribution using a wireless local area network (WLAN) system is broadcast distribution for each group, it can efficiently use bandwidth and is suitable for broadcast-type video delivery services. However, the conventional multicast distribution scheme for WLAN systems has several issues. A multicast is transmitted at a single transmission rate because of the distribution by a group with multiple stations (STAs). Thus, the STAs far from the access point (AP) cannot receive multicast data at a high transmission rate. On the other hand, in the case of a low transmission rate, it is impossible to transmit high-bit-rate video, and the channel utilization efficiency decreases. Furthermore, since there is no retransmission control function, packet loss occurs immediately when a propagation error or packet collision occurs. In conventional related works, the communication quality suitable for multicast distribution over a WLAN is insufficient.
Introduction
IEEE 802.11 wireless local area networks (WLANs) 1) are used to connect to the Internet and for multimedia services such as video and audio. In recent years, the number of connected stations (STAs) has increased, becoming the major means of communication. Multicast transmission is a method of video streaming distribution using a WLAN. For example, it is possible to distribute video to many users, as in television broadcasting, by using a multicast. Multicast features are broadcasted to multicast group STAs. For this reason, a multicast has a higher transmission efficiency in the radio band than that for a unicast, which establishes Various related works have studied solutions to these problems. For example, priority control 2) was proposed to improve the degradation in the multicast communication quality due to traffic congestion. In addition, a retransmission control function for multicast packet errors has been proposed 3) -6) . In the IEEE 802.11aa standard 7) , a method for transmitting a plurality of identical packets was proposed in order to reduce the influence of errors and interference. Furthermore, to reduce propagation errors, there is a method that investigates and estimates the propagation environment between an AP and the STAs and supports the optimum transmission rate. In related work 8) , admission control suitable for a multicast was proposed. In addition, related studies 3) -6) have estimated the propagation environment beforehand every time a multicast is delivered to realize the selection of the optimal transmission rate. However, this estimation procedure has a large overhead and greatly degrades the transmission efficiency of the entire WLAN system. Related work 2) has realized multicast priority control using access categories with different priorities based on the quality of service (QoS) function of the IEEE 802.11e standard 9) .
Although this method can obtain a high communication quality, it is not possible to select the optimum transmission rate for each STA. Moreover, there is no discussion of frame aggregation, in which packets introduced from the IEEE 802.11n standard are concatenated and transmitted. Given this background, we propose a multipletransmission-rate scheme according to the locations of the STAs using scalable video coding (SVC) technology. Furthermore, the optimum transmission rate can be selected on the basis of the quality of experience (QoE) indicator as well as the conditions of the locations of the STAs, and the communication quality can be guaranteed. In order to ensure reliability without using retransmission control, the proposed scheme selects a transmission rate with fewer errors. Then, the SVC technology assigns the transmission rate that can provide the minimum video quality obtained from the QoE index and the transmission rate that can provide higher-quality video delivery. Therefore, the optimum transmission rate is calculated by using the QoE index for each STA, and multicast distribution is realized with a plurality of transmission speeds by the SVC technique.
The remainder of this paper is organized as follows. Section 2 explains the background of this paper and related research. In Section 3, the proposed scheme is discussed. In Section 4, an evaluation of the proposed scheme is presented. Section 5 concludes this paper.
Issues Related to Multicast Distribution and Related Work
Multicast distribution in WLAN has the following issues.
Issue (1):
Since multicast distribution in WLANs does not have a retransmission control function, propagation errors and interference immediately cause packet loss. Furthermore, if packet collision occurs owing to contention with multiple unicast STAs, we have to assess whether multicast video delivery will suffer a significant quality degradation.
Issue (2):
The optimum transmission rate cannot be assigned for each STA location. A unicast communicates at the optimum transmission rate that the STAs can receive, but a multicast is transmitted at a fixed transmission rate. The receivable transmission rate differs for each area, as shown in Fig. 1 . Generally, a multicast is transmitted at a low transmission rate with few transmission errors received in all areas. However, the distances of the STAs from the AP and their propagation environments are different. When transmitting at a low transmission rate suitable for distant STAs, it is not possible to deliver video streams with a high-bitrate resolution.
Issue (3):
When the multicast transmission rate is high, as shown in Fig. 2(a) , the packet collision rate will be low because the number of unicast packets buffered in the transmission queue is small. However, when a multicast is transmitted at a low transmission rate, the utilization rate of the radio band increases because the multicast transmission time becomes long. For this reason, the unicast transmission waiting time is extended, many packets are buffered in the transmission queue, and unicast congestion occurs. Since unicast congestion has a high probability of contention, multicast and unicast packet collision occurs frequently, as shown in Fig. 2(b) . In the multicasting of a WLAN without a retransmission control function, packet collision is fatal.
There are several studies that have solved these conventional multicast delivery issues. Some studies 3) -
6)
provide an approach to incorrect compensation by retransmission control. Moreover, a broadcast medium window (BMW) that treats a multicast as a unicast was proposed 3) . Because the BMW retransmits the frame until an acknowledgment (ACK) is received from all receiving STAs, the error rate is low. However, since the overhead of retransmission is very large, the transmission efficiency is poor, and timeout occurs until the reception is completed. Therefore, in the batch-mode multicast media access control (BMMM) protocol 4) , a method that reduces the time required for BMW multicast transmission is additionally proposed. In addition, multicast packets are converted into unicast packets 5) .
In this proposed scheme, a high transmission rate can be used depending on the locations of the STAs. However, because these proposed schemes require processing such as an ACK for each STA, the performance depends on the number of STAs, and there is no advantage for a multicast. Further, automatic block ACK polling (ABP) was proposed 6) . ABP improves the conventional block ACK (BA) and can be implemented with few modifications. The conventional BA request (BAR) transmits a BA for each STA after data transmission, but ABP transmits the BAR by a multicast.
Compared to the conventional method, ABP reduces the BAR/BA exchange time. However, these methods will degrade the performance of multicast distribution under poor propagation conditions since many STAs transmit a BA. The leader-based protocol (LBP) has also been proposed 10) . The AP selects the leader of an arbitrary station from the multicast group. The leader replies to the AP with an ACK when the transmission of the multicast frame is successful. When the multicast frame is erroneous, an STA of the leader replies with a negative acknowledgment (NAK), and the AP performs retransmission control. In addition, an LB multicast with automatic rate fallback (LM-ARF) has been proposed 11) . LM-ARF adds a fallback function for the transmission rate to the LBP and selects a transmission rate suitable for the environment within the multicast group. The feasibility of these leaderbased schemes was examined 12) . However, since leaderbased NAK/ACK feedback cancellation must dynamically change the leader, a leader-based multicast is impractical because the selection procedure incurs a considerable overhead. A multicast distribution scheme using SVC has been presented 13) , which is the most related to this paper.
SVC is a video coding scheme with a hierarchical structure. The configuration of the video data is divided into a single basic layer and additional elements of enhancement layers. The base layer provides the minimum data for playing video, and the enhancement layer provides high-resolution video by simultaneously decoding the base layer. Hence, SVC selects the amount of data according to the video processing capability of the terminal or the transmission conditions and realizes transmission with a flexible video quality. Because SVC has these functions, it will be effective, especially in a wireless multicast. For example, in a wired network, packet loss is unlikely to occur. However, wireless networks tend to incur packet loss due to changes in the propagation environment. Hence, the packets of the base layer are transmitted at a low transmission rate, and the packets of the enhancement layer are transmitted at a high transmission rate. Although the amount of data of the base layer is small, the enhancement layer should transmit at a high transmission rate since the amount of data of the enhancement layer is large. If this method is adopted, high-resolution video will be distributed to an STA at a short distance or to STAs with a good propagation environment. On the other hand, low-resolution video is delivered by the base layer for STAs at a far distance or those in a poor propagation environment. Therefore, SVC for wireless networks can provide a flexible service depending on the propagation conditions. The related proposed scheme using SVC is the scalable reliable efficient multicast protocol (S-REMP) 14) .
This scheme is a multicast distribution method of SVC with a leader-based protocol function. Hence, this scheme has a feedback cancellation function and retransmission control function for leader-based NAK/ACK. The leader selects the optimum transmission rate for the terminal in the propagation environment with the worst signal-to-noise ratio (SNR). Therefore, since the overhead of the S-REMP scheme is increased, there is a concern that the performance will be degraded compared with that of conventional multicast transmission. Moreover, the issues of unicast-contended STAs described in Issue (3) and the transmission efficiency of the WLAN systems are not discussed. Although this related research is aimed at video distribution by a multicast, the effectiveness of the proposed method has been evaluated by only the quality of the network, such as the packet distribution rate/packet loss rate, the influence of overhead, and the throughput characteristics. However, when video distribution is the main application, the QoE of the user who actually receives the service is more important than the elemental quality of the network. Multicast transmission must be controlled according to the QoE indicator and evaluated by the QoE. We propose a novel multicast distribution scheme to solve these problems in Section 3 and evaluate it according to the QoE in Section 4.
Proposed Scheme for Multicast Distribution
In order to solve the issues mentioned in Section 2, we propose a novel multicast distribution scheme using SVC for WLAN systems. The proposed scheme achieves flexible and highly efficient multicast distribution by acquiring information related to the locations and propagation environments of STAs by a method without overhead and by selecting a transmission rate using SVC based on the QoE index. In addition, the proposed scheme solves the issue of contention/congestion in an environment where multicast and unicast STAs coexist and realizes simplification because the media access control (MAC) protocol does not require significant remodeling of the WLAN. 
1 Overheadless IGMP Acquisition Method for Transmission-Rate Selection
In this section, we propose a method that obtains information related to the propagation environment using the Internet Group Management Protocol (IGMP) sequence. Since the IGMP uses the existing procedures required for multicast distribution, the transmission efficiency does not decrease compared to that of S-REMP 14) .
A multicast is delivered to an arbitrary multicast group. A multicast group is formed by a group management protocol such as IGMP 15) - 17) . The STAs participating in a multicast are grouped and notify the network. The IGMP sequence is shown in Fig. 3 . STAs wishing to participate in the multicast notify the network router that they have joined the multicast group. The notification message is called the IGMP membership report or IGMP join message. The router that received the membership report from the STAs registers the information in the IGMP table. To maintain the multicast group, the router sends IGMP membership queries to the STAs in the multicast group. An STA that received an IGMP membership query responds with the IGMP membership report. In addition, the AP has a standard IGMP snooping function. The snooping IGMP can see the IGMP membership report. The MAC addresses of the STAs acquired from the report are managed by association IDs (AIDs). As a result, the multicast data are distributed to the STAs registered in the group. The proposed scheme gathers the transmission-rate information from the STAs by altering the IGMP sequence. The AP acquires the transmission-rate information of the IGMP membership report when joining the multicast group.
The acquired transmission-rate information is managed in association with the AID. The AP performs multicast distribution at the transmission rate described in the AID. However, if the STA first transmits the IGMP membership report at the maximum transmission rate and if the IGMP frame transmitted at the maximum transmission rate is a reception error, the transmission rate will be decreased by fallback control. The AP repeats this procedure to obtain error-free transmissionrate information. For the transmission-rate information obtained by these procedures, the optimum transmission rate is selected according to the QoE index, and multicast data are assigned by SVC.
2 Multirate Multicast Utilizing SVC
In wireless transmission, each STA has a different optimum transmission rate. However, since multicasting is broadcasting, all STAs are transmitted at a low transmission rate that can be received. The STAs near the AP can reproduce high-resolution video accompanied by a large amount of information owing to the high transmission speed, but only the same low-resolution moving image for the STAs located further away is reproduced.
In order to solve this issue, the SVC in the H.264/AVC standard is used. Fig. 4 shows the transmission-rate allocation method according to the STAs using SVC. SVC consists of a base layer and several enhancement layers. The base layer provides minimal data to reproduce the video stream. The data of the base layer are transmitted at a low transmission rate. Hence, the occupation time in the band is short since the amount of data is small, even at a low transmission rate. On the other hand, the enhancement layer provides high-resolution video by adding to the base layer. However, the data of the enhancement layer are transmitted at the high transmission rate. Hence, even if the amount of data is large, the occupation time in the band is short when the transmission rate is high. The multicast packet transmitted in Fig. 4 uses the aggregate MAC protocol data unit (A-MPDU) specified in the IEEE 802.11n standard in order to improve the transmission efficiency by concatenating multiple packets. The transmission rate is changed by describing the information in the header of each layer.
An example of frame arrangement when three transmission rates are allocated is shown in Fig. 5 . For example, 6.5 Mbps is assigned to the base layer, and 26 and 65 Mbps are assigned to the enhancement layer. The base layer is a basic element of video, and video can- not be decoded unless the base layer can be received. Therefore, a base-layer packet is transmitted at a low transmission rate that is strong against errors. Since STA #N far from the AP cannot receive the packets transmitted at a high transmission rate of 65 Mbps, it decodes the base layer transmitted by 6.5 Mbps and reproduces the video stream. On the other hand, STA #1 close to the AP receives all of the packets transmitted at 65, 26, and 6.5 Mbps and decodes the base and enhancement layers; thus, it reproduces the highresolution video. Although the conventional scheme provided video with the same resolution to all STAs, the proposed scheme provides video streaming with different resolutions by SVC. In addition, the transmission rate of each STA is obtained by using the IGMP acquisition method in Section 3.1.
3 Transmission-Rate Control Using the QoE Index
In an environment where unicast STAs contend, frames are discarded owing to packet collision. In this paper, we propose a transmission-rate selection method based on the QoE index. The AP collects the collision rate and calculates the QoE according to the estimation model in ITU-T G.1071 18) . The AP controls the transmission rate so that the estimated value of the mean opinion score (MOS) is 3.0 or more so that the Fig. 6 Flowchart of the transmission rate selection method using the MOS.
estimated QoE does not decrease significantly. The transmission-rate selection method using the MOS is shown in Fig. 6 . The MOS is estimated from the collision rate information from the STA that responded with the IGMP membership report. For example, assume that the layers of SVC are the base layer, enhancement layer 1, and enhancement layer 2. The AP acquires the collision rate information of the contending STAs within a certain period and estimates the MOS. The collision rate information is obtained from the sequence number of the multicast packets. When a multicast packet is lost, the sequence number from the received packets is missing. The number of missing packets is counted. Further, the loss probability information is added to the IGMP membership report frame, and it is transmitted to the AP. One of the randomly determined STAs that received the IGMP membership query sent by the AP responds with an IGMP membership report. The IGMP membership report is transmitted at the maximum transmission rate because it is an upper-layer packet and different from the control frame of the WLAN. If the IGMP membership report transmitted at the maximum transmission rate is lost, the transmission rate is lowered by fallback. The AP obtains the optimum transmission rate information by this procedure. Although one STA responds to the IGMP membership queries, the AP can collect collision rate information and the transmission rate from all STAs when considered for a long time.
When the estimated MOS is 3.0 or less, the AP increases the transmission rate. If the transmission rate of the base layer is the same as that of enhancement layer 1, the transmission rate of enhancement layer 1 is increased by one step. Since enhancement layer 2 selects a higher transmission rate than the initial one, it usually does not change the transmission rate. For example, in the case where the transmission rates of the base layer, enhancement layer 1, and enhancement layer 2 are 6.5, 6.5, and 65 Mbps, respectively, the transmission rate of enhancement layer 1 is increased to 13 Mbps since its transmission rate is the same as that of the base layer.
QcodV =a1V · e a2V ·BitP erP ixel
ITU-T G.1071 contains an objective quality evaluation model for the QoE. The objective quality evaluation is a method of estimating a value equivalent to the value obtained by a subjective evaluation from the features of voice and video. The QoE is represented by an MOS, and the MOS is represented by a five-step evaluation. The evaluation scores of the MOS are 5: Excellent, 4: Good, 3: Fair, 2: Poor, and 1: Bad. It is judged that when the MOS is 3.5 or more, many people (about 90% or more) experience Fair video quality.
Equation (1) is the degradation in the video quality of video coding. Video parameters such as the bit rate, the frame rate, and the number of pixels are taken into account. BitP erP ixel represents the average number of bits per pixel, and ContentComplexity represents the complexity of video encoding compression. Moreover, to calculate BitP erP ixel, the bit rate, the frame rate, and the number of pixels are used. The quality evaluation value of the proposed scheme is obtained by inputting the bit rate of each SVC layer. For example, a video with a bit rate of 9 Mbps is divided into three images at 3 Mbps. When estimating the quality of one layer, the bit rate is input as 3 Mbps. Moreover, when performing quality estimation in which all layers are integrated, the bit rate of 9 Mbps is input.
Equation (2) is the degradation in the video quality in the network. With a video error concealment method, network parameters such as the packet loss are taken into account. The calculation of QtraV uses the packet loss in the network. F reezingRatioE is the degradation index of the rate at which the video temporarily freezes. Since F reezingRatioE contains the parameters of the packet loss in the network, the quality estimate (MOS) of the proposed scheme substitutes the multicast packet loss into the calculation. Equation (3) subtracts the video coding and video quality degradations in the network from the maximum video quality. Equations (1)- (3) are the equations used to calculate the intermediate parameters in MOS estimation. Moreover, in equations (1) and (2), a1V, a2V, a3V, a4V, b1V , and b2V are the curve-fitting coefficients for the subjective quality evaluation of the video stream. The objective quality evaluation model in ITU-T G.1071 approximates the characteristics by coefficients based on the results of the subjective quality evaluation. That is, the coefficients in equations (1)- (3) are the coefficients for characteristic approximation.
Equation (4) is a function that converts QV to the MOS evaluation range. It is defined in ITU-T Recommendation P.1201.2 19) and normalizes QV to a maximum value of 4.9 and a minimum value of 1.05. Accordingly, the objective quality evaluation MOS is obtained. In the proposed scheme, the estimated value of the MOS calculated from the MOS function is used.
Performance Evaluation
In order to evaluate the characteristics of the proposed scheme, computer simulations were performed using Riverbed Modeler ver. 18.5 20) . The evaluation items are the transmission efficiency characteristics, the multicast throughput characteristics when the number of contending unicast STAs increases, the unicast throughput characteristics, and the QoE characteristics. In order to evaluate the QoE, it is necessary to determine the parameters of the assumed video stream. In this evaluation, the main parameters are a CODEC bit rate of 9 Mbps, a resolution of 1920 × 1080 pixels, and a frame rate of 60 fps. Other parameters conform to those in ITU-T G.1071 18) .
The network configuration for the evaluation is shown in Fig. 7 , and the evaluation parameters are listed in Table 1 . The transmission rate is 6.5-65 Mbps, and one-stream transmission of the IEEE 802.11n standard is assumed. The server delivers video steaming by a multicast using a CODEC bit rate of 9 Mbps. In this evaluation, in order to confirm the effects of the proposed scheme, the allocation of the amount of data to each layer in SVC was simplified. This video data are divided into three SVC layers, the bit rate of the base layer is 4 Mbps, and the bit rate of enhancement layer 1 and enhancement layer 2 is 2.5 Mbps. An AP multicasts by frame aggregation, as specified in the IEEE 802.11n standard. In this paper, the maximum frame aggregation size defined in IEEE 802.11n was used. The maximum frame aggregation size is 64 kB. Moreover, the maximum packet size for Ethernet is 1500 bytes. When 1500-byte packets are concatenated up to the maximum size of the frame aggregation, the packet size becomes 63 kB with 1500 bytes 42 packets. Therefore, evaluation used this size. The propagation channel contains free-space propagation loss at 2.4 GHz, and the position of STA is fixed. The transmission rate is determined from the received power according to the distance from the MCS index table of the lowest reception sensitivity of the IEEE 802.11n standard 1) . Moreover, since the allowed delay for streaming video is defined as 10 sec in ITU-T G.1010 21) , the MOS estimation interval in the evaluation of this study was set to 10 sec. The transmission rate of each layer in SVC is listed in Table 2 . The combination of transmission rates is determined on the basis of the algorithm shown in the flowchart in Fig. 6 . The transmission rate of enhancement layer 2 is fixed, and when the transmission rates of the base layer and enhancement layer 1 are the same, the transmission rate of enhancement layer 1 is increased by one step, as indicated from Comb. 4 to Comb. 5. On the other hand, when the transmission rates of the base layer and enhancement layer 1 are different, as for Comb. 1, the transmission rate of the base layer is increased by one step, as in Comb. 2. The contention conditions for the uplink traffic are evaluated when up to 20 unicast STAs are connected. A unicast STA generates 0.5 Mbps of traffic. The transmission rate of the STA is 24 Mbps of the mandatory transmission rate of IEEE 802.11a. The transmission efficiency characteristics of the IGMP acquisition method without overhead of the proposed scheme are compared with those of REMP 14) , which is a conventional leader-based protocol using SVC in Fig. 8 . The conventional scheme 14) aims to improve the throughput, overhead, and multicast distribution ratio. On the other hand, the proposed scheme aims to improve/evaluate the QoE when a unicast is intermixed; thus, the purpose is different. Because of this, a comparison and an evaluation of the overhead are carried out for a common purpose. It is confirmed that good performance cannot be obtained unless the leader STAs are dynamically changed for the leader-based protocol 12) . Therefore, the transmission efficiency of REMP was evaluated under conditions where the leader selection procedure is performed for every frame transmission. In order to simplify the transmission rate in this evaluation, both the proposed Number of unicast STAs and conventional schemes fixed the transmission rate to 24 Mbps. Simplifying the transmission rate does not affect the evaluation. This is because the overhead ratio is the same even when comparing the conventional and proposed schemes in the case of multiple rates. The number of multicast STAs was 50, and the frame aggregation size was changed from 1500 bytes to 63000 bytes.
In the proposed scheme, the overhead is affected when the frame aggregation size is small, but a transmission efficiency of about 98% at a size of 20000 bytes is obtained. On the other hand, the changing procedure in the conventional REMP method incurs a large overhead; thus, the transmission efficiency decreases when the frame aggregation size is small. Even at the maximum frame aggregation size of 63000 bytes, the transmission efficiency is about 82%. From these evaluation results, the effects of the proposed IGMP acquisition method without overhead are confirmed. Fig. 9 shows the multicast throughput characteris- tics versus the number of unicast STAs. The multicast throughput decreases as the number of unicast STAs increases. When the transmission rate for a multicast is low for the combination of transmission rates the contention time becomes long, the throughput becomes low, even when the number of STA connections is small. On the other hand, a high combined transmission rate maintains the throughput, even when the number of STAs increases to 15. If the contention time is long, the unicast STAs increase the transmission wait time, and the contention rate becomes high when the channel is idle. Therefore, the collision probability increases, and the multicast throughput decreases. On the other hand, Fig. 10 shows the total unicast throughput characteristics versus the number of unicast STAs. A unicast STA transmits 0.5 Mbps of traffic with a fixed transmission rate of 24 Mbps. The throughput increases as the number of unicast STAs increases but decreases when the combination of multicast transmission rates is low. Fig. 11 shows the multicast packet loss rate characteristics. The packet loss rate increases when the number of unicast STAs increases. In order to reproduce video, the packet loss rate should generally be kept to 1% or less, but the packet loss rate due to collisions with the unicast STAs of the WLAN is on the order of several tens of percentage points. Furthermore, when the bandwidth utilization rate of multicast distribution is high, the probability of collision with the STAs increases. Therefore, reduced contention with the unicast STAs is the key to maintaining video quality. From these results, multicast transmission at a transmission rate that is as high as possible is desirable, rather than transmission at a fixed low transmission rate. However, since the combination of these SVCs depends on the distance of the STAs from the AP and the MOS, the transmission rate must be selected according to the network environment. The MOS characteristics are shown in Fig. 12 . Similar to the throughput evaluation so far, the MOS decreases as the number of unicast STAs increases. In addition, when the combination of transmission rates is a high transmission rate, an MOS of 3.0 is maintained up to about 13 STAs because the unicast contention rate is reduced and the packet loss due to collisions is suppressed.
In order to organize these results, the MOS and the throughput characteristics when the MOS is controlled to be 3.0 or more by the proposed scheme are shown in Fig. 13 . The proposed scheme changes to a high transmission rate with a combination of transmission rates when the number of STAs increases and the MOS falls below 3.0. By this control, it is possible to maintain an MOS of 3.0 up to about 13 STAs. However, the multicast delivery distance/area narrows. Therefore, the pro- posed scheme changes the multicast transmission rate according to the MOS and maintains the delivery area range as much as possible. In addition, the throughput is maintained even when the number of STAs increases to about 15. This result means that the throughput alone does not contribute to the improvement in the QoE in multicast video delivery. Hence, we confirmed the MOS characteristics versus the delivery distance by the proposed scheme in Fig. 14 . ITU-R P.1238-4 22) was used as the propagation model for the distance characteristic. In the P.1238-4 model, the propagation loss coefficient is 3.0. When the combination of the lowest transmission rates includes 6.5, 13, and 65 Mbps, the distribution area is about 54 m. On the other hand, the delivery area is about 37 m for a combination of high transmission rates of 26, 26, and 65 Mbps. From these results, the STAs within an area with a radius of 37 m can receive video data, even when the transmission rate is increased. Fig. 14 shows how the distribution distance varies depending on the combination of transmission rates. However, the number of accommodated users cannot be evaluated in the distribution distance when the distribution of the number of users is a uniform distribution. Therefore, the distribution area was evaluated, and the results are shown in Fig. 15 . The distribution area indicates the accommodation ratio of the STAs for a uniform distribution. Moreover, the propagation channel for the evaluation in Fig. 15 is ITU-R P.1238-4 22) . Fig. 15 shows the distribution area for a combination of transmission rates. The MOSs are 3.0 or more, 3.5 or more, and 4.0 or more. As the transmission rate to be selected increases, the distribution area decreases. Since the area decreases to about 50%, the number of STAs that can be delivered will be 50% when the multicast distribution distance decreases by about 30%. However, when the bandwidth is congested and the packet collision rate is high, the multicast transmission rate must increase in order to reduce the packet collision rate. Notwithstanding, in the conventional scheme, all STAs cannot receive, but the proposed scheme can provide multicast distribution to 50% of the STAs.
Conclusion
Multicast distribution in WLANs cannot provide the optimum quality to each STA because the distances between the STAs and the AP are different. Moreover, that video quality degrades owing to packet collision due to unicast STAs with contention. In order to solve these problems, the proposed multicast distribution scheme selects the transmission rate on the basis of the QoE. In the proposed scheme, the transmission rate is controlled to a video MOS greater than 3.0 by the MOS estimated from the collision rate. From the results of an evaluation of the proposed scheme by computer simulation, the proposed scheme is confirmed to relieve about 50% of the STAs that cannot receive video owing to packet collision.
